Objectives: The aim of this study was to investigate possible statistical mediators in a randomized controlled trial of mindfulnessbased cognitive therapy (MBCT) on pain intensity in women treated for primary breast cancer.
P ersistent pain affects a substantial number of breast cancer patients. [1] [2] [3] Psychosocial intervention may be one method to reduce pain in breast cancer patients 4 and mindfulnessbased intervention (MBI), for example, mindfulness-based stress reduction (MBSR) and mindfulness-based cognitive therapy (MBCT), has been shown to be efficacious in reducing pain in diverse pain populations. 5, 6 Studies have also investigated the efficacy of MBI specifically for pain in breast cancer patients, and preliminary, recent studies show promising results. 7, 8 Most recently, we reported the effect of MBCT on persistent pain in women treated for breast cancer, which yielded a statistically significant and robust effect of MBCT on pain intensity. 9 Furthermore, we have explored possible clinical and psychological moderators of the effect, that is, for whom the intervention might be most efficacious, finding that higher levels of adult attachment avoidance, which is associated with deactivating strategies (eg, suppression of distressevoking thoughts and emotions), predicted a larger treatment gain. 10 In addition, to optimize treatment effects, it would be clinically valuable to explore "how" this intervention may work, that is, the intervention's active ingredients. 11 Theoretically, MBI may work through several mechanisms. First, MBI is assumed to increase mindful awareness, 12 thereby teaching patients to adopt a stance of detached observation of physical and emotional discomfort. 13 In relation to pain, mindful awareness is assumed to uncouple the sensory pain component from the affective and cognitive pain components by fostering a different way of relating to bodily sensations and emotional discomfort characterized by a higher degree of openness and acceptance. [12] [13] [14] Self-compassion, a second potential mediator, may help patients respond to painful thoughts and feelings with self-kindness and by observing and acknowledging them without avoidance and over-identification. 15 Finally, negative cognitive-affective responses to pain, that is, pain catastrophizing, have been found predictive of the pain experience, 16, 17 and pain catastrophizing has been theoretically suggested as a key mechanism in pain interventions. 18 However, recent trials report mixed results, with 1 study failing to find support for this, 19 whereas another study found that MBSR was associated with reductions in pain catastrophizing. 20 Several studies have explored mindfulness as a general mediator in MBI, with a systematic review and metaanalysis showing evidence for mindfulness as a mediator in 14 of 16 studies. 21 To our knowledge, only four studies have explored self-compassion as a possible mediator in MBI for various conditions (eg, depression, 22 stress, 23 trait anxiety, 24 and maladaptive behavior 25 ). Although 2 of the studies found support for self-compassion as a mediator, 22, 23 none of the studies included pain as the primary outcome in their mediation analyses. Furthermore, the broad range of study populations investigated challenge the comparability and generalizability of the results.
With this background, the aim of the present study was to investigate possible mediators of the previously detected effect of MBCT compared with a wait-list control group on pain intensity in women treated for breast cancer with persistent pain. 9 Specifically, we hypothesized that (1) increased levels of mindfulness, (2) increased levels of selfcompassion, and (3) reduced levels of pain catastrophizing during MBCT would statistically mediate the effect of MBCT on pain intensity. 9 Although MBI is traditionally assumed to primarily target the negative impact of pain rather than the pain sensation per se, we selected pain intensity as the primary outcome on the basis of previously reported data showing a clinically relevant effect of MBCT on pain intensity. 9 
MATERIALS AND METHODS

Study Design and Participants
The present study analyzed data from a randomized controlled trial evaluating the efficacy of MBCT on persistent pain. The trial has previously been described in detail elsewhere. 9 In brief, the sample consisted of 129 women treated for primary breast cancer at the Department of Oncology, Aarhus University Hospital. Inclusion criteria were as follows: a diagnosis of primary breast cancer, a time interval of Z3 months after surgery, completed chemotherapy and/or radiotherapy, a score Z3 on perceived pain intensity or pain burden on a 10-point numerical rating scale (NRS), and ability to understand Danish. Male patients and patients with metastatic breast cancer, other previous cancers, serious psychiatric diagnoses (eg, psychosis), and severe medical conditions related to the musculoskeletal system (eg, arthritis) were excluded. The study was approved by the Regional Science Ethical Committees (registration no.: 1-10-72-460-12) and preregistered at clinicaltrials.gov (NCT01674881).
Procedures
Patients were recruited from October 2012 to December 2013. At follow-up visits at the Department of Oncology, the treating oncologists screened the patients concerning their current pain status and informed eligible patients about the study. Eligible women were informed both orally and in writing about the study. If interested, they were given a study package consisting of additional information about the study, a consent form, and a prepaid envelope. If the patient agreed to participate, she returned a signed consent form and was sent a baseline questionnaire.
The statistical software Power And Sample Size version 12 (NCSS, Kaysville, UT) was used for the randomization procedure. After having returned the completed baseline questionnaires, participants were randomly allocated to the MBCT program or a wait-list control group.
No blinding of study condition was feasible because of the design of the present study (ie, wait-list control group).
Data Collection
Data were collected at 4 timepoints: before randomization (baseline [T1]) postintervention after the 8-week MBCT program (T2), and 3 (T3) and 6 months (T4) after the intervention.
Study Groups: MBCT and the Wait-list Control
The 8-week MBCT intervention generally adhered to the program outlined in the original manual, 26 following the curriculum which consists of formal mindfulness practices, group discussions, cognitive exercises, and discussions of home practice. Although MBCT was originally developed for recurrent depression, 26 the conceptualization of maladaptive cognitions as a key vulnerability has been applied to conditions other than depression, for example, headache and health anxiety. 27, 28 MBIs do not aim to change thought content, emotions, and bodily sensations per se, but focus on how one relates to such experiences. As such, no specific pain adaptations were made to the intervention, but as the women were included in our study on the basis of their pain levels, and as MBI focuses on how one relates to "the difficult," "the difficult" for the participants in our study was their pain. Accordingly, painrelated issues were predominant in the inquiries and group discussions.
All treatment groups were facilitated by an experienced mindfulness instructor with training from Oxford University, receiving supervision from the Centre for Mindfulness Research and Practice, Bangor University, UK, during the study.
The wait-list control group was not contacted during the study period except when asked to complete questionnaires at timepoints equal to T1, T2, T3, and T4.
Measures
Sociodemographic and Clinical Data
All patients provided relevant sociodemographic information, with the exception of ethnicity, which was not included. Clinical data and information on comorbidity (Charlson Comorbidity Index 29 ) were retrieved from the Danish Breast Cancer Cooperative Group registry, which contains information on diagnosis and treatment of the cancer disease reported by all breast cancer-treating departments. 30 
Primary Outcome
All primary and secondary outcome measures have been fully described elsewhere. 9 In the present study, the primary outcome was pain intensity, measured by an 11-point NRS. Pain intensity measured by an 11-point NRS has proved a sensitive and reliable pain measure in cancer patients. 31 
Mediators
Possible mediators included mindfulness measured by the 39-item Five Facet Mindfulness Questionnaire measuring 5 mindfulness facets: acting with awareness, describing, nonjudging of inner experience, nonreactivity to inner experience, and observing. 32 Participants rated their perceived levels of mindfulness in everyday life on a 5-point Likert scale (1 = never or rarely true, 5 = very often or always true). Higher scores indicate higher levels of the mindfulness facets. No total score is calculated. The Five Facet Mindfulness Questionnaire is an up-to-date, widely used measure of mindfulness because of its multifaceted operationalization, 33 which has previously shown good internal consistency in cancer populations. 34 In the present sample, Cronbach a's for all subscales were acceptable, ranging from 0.71 to 0.90.
Another possible mediator was self-compassion, which was measured by the short-form 12-item version of the SelfCompassion Scale (SCS-SF). 35 Participants reported their perceived levels of self-compassion on a 5-point Likert scale (1 = almost never, 5 = almost always). Higher scores indicate higher levels of self-compassion. The total score of SCS-SF has shown good psychometric properties, whereas use of the SCS-SF subscales is not recommended. 36 In the present sample, Cronbach a for the SCS-SF total score was 0.84.
The 13-item Pain Catastrophizing Scale (PCS) yields subscale scores for rumination, magnification, and helplessness and was included as a measure of pain catastrophizing. 37 Only the PCS total score was calculated in the current study. Participants indicate the extent to which certain thoughts and feelings are associated with their experienced pain on a 5-point Likert scale (0 = not at all, 4 = all the time). Higher scores indicate higher levels of pain catastrophizing. The PCS has shown good validity and has previously been used in cancer populations. 16 This was also the case in the present sample with the PCS total score showing high internal consistency (Cronbach a = 0.92).
Adherence
Adherence was measured by (1) number of sessions attended, (2) total number of minutes spent on home practice during the 8-week program (T1 to T2), and (3) total number of minutes spent on mindfulness practice during the previous week from T2 to T4.
Statistical Analysis
Stata version 14 (College Station, TX) was used for all analyses. The main effect of MBCT on pain has previously been established using Mixed Linear Models (MLMs). 9 The aim of the present study was to explore possible mediators of the previously reported statistically significant and robust effect of MBCT on pain intensity in women treated for primary breast cancer. 9 We performed all mediation analyses in MLMs on the basis of the intent-to-treat sample, estimated with the maximum likelihood method. MLMs tolerate missing values and thus do not unnecessarily compromise statistical power. We used a 3-step approach to establish indirect effects: (1) we investigated the indirect effects of the proposed mediators (the 5 mindfulness facets, self-compassion total score, and pain catastrophizing total score) in separate mediation models; (2) we investigated the robustness of statistically significant mediators by performing sensitivity analyses: (a) last-observation-carried-forward due to an unbalanced dropout at T2 (Fig. 1 ) and (b) per protocol analyses including only women who attended Z4 sessions ( 22 ); and (3) we investigated statistically significant and robust mediators in a multiple mediation model.
The mediation analyses were conducted as 2-level models, in which level 1 refers to the 4 timepoints (ie, T1 to T4) that were nested within the individual at level 2, and thus followed the principles of lower-level mediation. [38] [39] [40] Determination of indirect effects was based on the productof-coefficients approach. 41 This correlation-based approach calculates the product term between 2 paths; path a (between the independent variable and the mediator) and path b (between the mediator and the dependent variable controlling for the independent variable). The independent variable here refers to group (treatment vs. waitlist); the explored mediators were mindfulness (5 subscales), selfcompassion, and pain catastrophizing, and the dependent variable was pain intensity. Following the principles of Bauer et al, 38 all paths necessary (ie, a, b, c, and c') for determining indirect and direct effects are estimated in one model. A new outcome variable is formed (Z) by stacking the dependent (Y) variable and the process variable (P) for each time unit i within each individual j. In order to distinguish the 2 variables stacked in Z, 2 selection variables were created that specified when Z refers to the process variable or the dependent variable. In the multiple mediator MLM, the statistically significant mediators and the corresponding selection variable were included.
In all mediation models (ie, the separate and multiple mediation models), indirect effects were treated as fixed, as models with random effects specified did not converge. This may underestimate the variance of the indirect effect, as the covariance of path a and path b (s ab ) were not taken into account as otherwise recommended when exploring lowerlevel mediation in multilevel models. 38, 39 When having obtained the necessary paths, results were bootstrapped with 5000 iterations in order to obtain both bootstrapped standard errors and bootstrapped confidence intervals (BSCI). Bootstrapping is a nonparametric resampling procedure that does not impose the assumption of normality of the sampling distribution. By repeating this process, an empirical approximation of the sampling distribution of ab is built and used to construct confidence intervals for the indirect effect. 42 Effect sizes were expressed as the proportion of the total effect accounted for by the proposed mediator, that is, mediated effect/total effect based on absolute values. 39, 43 Scale or subscale totals with >50% missing values were coded as missing and no total score was calculated. Missing values on scales with an internal consistency >0.7 were substituted with the mean of the remaining completed items. This is considered an appropriate method for handling missing items on a scale. 44 
RESULTS
Descriptives
Study flow is summarized in Figure 1 . 9 The dropout rates were unbalanced between study groups, with higher dropout rates in the intervention group (31 Table 1 .
Previously conducted dropout analyses, focusing on dropout at T2 due to the unbalance between study groups (Fig. 1) , did not reveal statistically significant differences on any primary outcome measures between dropouts when compared with participants returning the questionnaires. 9 However, dropouts were less motivated (P = 0.009), reported more comorbidity (P = 0.01), and had a higher use of nonprescription pain medication (P = 0.03) than participants returning the questionnaires.
Data on pain intensity and the proposed mediators at all assessment points are reported in Table 2 . A correlation matrix of pain intensity and the proposed mediators is shown in Table 3 .
Primary Outcome
Main Effects: Pain Intensity In summary, the main effect analyses revealed a statistically significant timeÂgroup effect for pain intensity (P = 0.002, d = 0.61). 9 As we had included several pain outcomes, we corrected for multiple comparisons using the Benjamini-Hochberg procedure (false discovery rate: 0.05) and conducted sensitivity analyses, finding that the effect on pain intensity remained statistically significant. 9 Because of the unbalanced dropout between groups at T2 (Fig. 1) , we conducted a logistic regression with pain intensity at baseline as the independent variable and dropout at T2 as the dependent variable. Pain intensity did not predict dropout (odds ratio = 0.96, P = 0.69). When we conducted sensitivity analyses on the basis of the assumption that dropouts experienced zero effect of the intervention, pain intensity remained statistically significant (P = 0.034, d = 0.39).
Mediators
Mindfulness
A statistically significant indirect effect was found for the mindfulness facet nonreactivity (B = À0.17, BSCI [ À0.32 to À0.04]), with changes in mindfulness nonreactivity showing an indirect effect of MBCT on pain intensity. The larger the increase in nonreactivity, the larger the effect on pain intensity. The indirect effect accounted for 24% of the total effect. None of the results for the remaining mindfulness facets reached statistical significance (Table 4) .
Self-compassion
No statistically significant indirect effect was found for the SCS-SF total score (B = À0.09, BSCI [ À0.30 to 0.04]) on the effect of MBCT on pain intensity (Table 4) .
Pain Catastrophizing
A statistically significant indirect effect was found for pain catastrophizing (B = À0.76, BSCI [ À1.25 to À 0.47]), with changes in pain catastrophizing showing an indirect effect of MBCT on pain intensity (Table 4) . Greater reductions in pain catastrophizing were associated with larger effect. As suggested by Baron and Kenny, 45 when c' is reduced close to 0, this is conceptualized as complete mediation, corresponding to our effect size parameter of 98% of the effect explained.
Adherence
The mean number of sessions attended was 5 (SD = 2.19) with 47 women (70%) attending Z4 sessions. We explored the associations between adherence and the statistically significant mediators with MLMs, with adherence variables entered as predictors of change in mediators over time. Total minutes of home practice during the previous week at T2 to T4 did not predict changes in mindfulness nonreactivity (P = 0. 
Sensitivity Analyses
Because of the unbalanced dropout at T2 (Fig. 1) , we conducted sensitivity analyses for mindfulness nonreactivity and pain catastrophizing, testing the assumption that dropouts had experienced no effect of the intervention (ie, last-observation-carried-forward). 
Multiple Mediation Model
Finally, the statistically significant mediators, that is, mindfulness nonreactivity and pain catastrophizing, were included in a multiple mediation model (Fig. 2) 28 ; higher scores indicating higher levels of mindfulness (facets).
wThe Short-Form Self-Compassion Scale (SF-SCS) 31 ; higher scores indicating higher levels of self-compassion. zThe Pain Catastrophizing Scale (PCS) 33 ; higher scores indicating higher levels of pain catastrophizing. FFMQ indicates the Five Facet Mindfulness Questionnaire; PCS, the Pain Catastrophizing Scale; SF-SCS, the Short-Form Self-Compassion Scale (SF-SCS).
Statistically significant correlations (P < 0.05) are shown in bold. B refers to the unstandardized b coefficient. Estimation of the indirect effect (95% confidence interval) by use of the bootstrap method of Preacher and Hayes. 42 wThe a path refers to the association between the independent variable (IV) and the mediator (M). The b path refers to the association between M and the dependent variable (DV). The c path refers to association between the IV and the DV. The c' path refers to the association between the IV and the DV when holding M constant in the analyses.
BSCI indicates bias-corrected confidence interval, reported for ab; BSSE, bootstrapped standard error, reported for ab; FFMQ, the Five Facet Mindfulness Questionnaire; PCS, the Pain Catastrophizing Scale; SF-SCC, the Short-Form Self-Compassion Scale.
Statistically significant (P < 0.05) paths are marked with*. Statistically significant mediators are highlighted in bold.
DISCUSSION
Pain catastrophizing and, although less robust, mindfulness nonreactivity showed statistically significant indirect effects of MBCT on pain intensity. Our results thereby point toward statistical mediators that include both mindfulness-related and cognitive components of potential importance in reducing persistent pain. It should, however, here be noted that our statistical approach did not take temporality of the mediators and outcome into account.
Our finding, based on the individual mediation analyses, that mindfulness nonreactivity had indirect effects of MBCT on pain is in line with the results of a recent metaanalysis of studies with various clinical samples (eg, depression, anxiety, stress), which generally support mindfulness as a mediator in MBI. 21 Our results expand on existing studies by establishing an indirect effect of mindfulness in a sample with persistent pain. Nonreactivity, the only mindfulness component found to statistically mediate the effect of MBCT in the present study, may be conceptually interpreted in relation to the mechanism of acceptance, that is, accepting the pain experience as opposed to reactivity such as avoidance or ruminative thought patterns. In the multiple mediator model, however, nonreactivity was no longer statistically significant. One possible explanation could be that including both nonreactivity and pain catastrophizing in the same model may have caused issues of multicollinearity, 42 as these constructs have previously been found to be associated. 46 However, no indications of multicollinearity were found in our study (Table 3) . Taken together, the importance of mindfulness nonreactivity as a mediator of MBCT for pain remains unclear, as the detected effect was negligible and found only for 1 of 5 facets. A large 3-armed trial, also including pain patients, did not find that MBSR increased long-term levels of mindfulness, 20 further supporting the unclear role of mindfulness as a mediator in MBIs for pain populations.
In contrast, pain catastrophizing was found to be a statistical mediator of the effect of MBCT on pain intensity, explaining 78% of the effect in the multiple mediation model. Although this suggests that pain catastrophizing may be an important statistical mediator, it remains unclear whether this effect is specific to MBCT. Indeed, the large, 3-arm trial of MBSR and cognitive behavioral therapy cited above 20 also explored changes in pain catastrophizing and found that cognitive behavioral therapy and MBSR showed similar effects on pain catastrophizing. Likewise, it has been proposed that changes in pain catastrophizing might be a mechanism shared across a variety of psychosocial pain interventions. 18 In future studies, it would be clinically relevant to empirically address the specificity of the statistical mediators found in the present study by comparing MBCT with other efficacious psychosocial interventions for pain. In addition, the relationship between mindfulness and pain catastrophizing is yet to be clarified. Potential overlap between the 2 constructs, for example, the possibility that both mindfulness and pain catastrophizing may be accounted for by a more general negative affectivity, 46 should be taken into consideration in future dismantling studies.
With respect to the final hypothesized mediator of MBCT, self-compassion, no support was found for an indirect effect on pain intensity in our sample. In the case of statistically nonsignificant results, ceiling effects could be one possible explanation. However, this does not appear to be the case in the present study, as the observed selfcompassion baseline levels were lower than those found in the original validation study of SCS-SF with healthy student samples. 35 Previous studies exploring the mediating role of self-compassion show mixed results. [22] [23] [24] [25] Existing studies, including ours, have used a variety of primary outcomes, and it is possible that self-compassion plays different mediating roles depending on the clinical issue targeted. Our study is the first to investigate selfcompassion as a statistical mediator in a clinical pain sample, and our results suggest that self-compassion is not a mediator of relevance to pain in our study population. Another possible explanation for our null finding could be that we used a short version of the SCS which, regardless of its good internal consistency (0.84), could be insufficiently sensitive to detect an effect.
Taken together, our results suggest that pain catastrophizing could be an important statistical mediator in MBCT for pain. Although less robust, this could potentially also apply to mindfulness nonreactivity. One interpretation of our findings could be that practicing to notice that thoughts, feelings, and bodily sensations fluctuate over time may reduce the tendency to ruminate over the pain and/or the perceived need to avoid the discomfort. Thus, facilitating a more decentered approach and teaching the participants to contain-as opposed to avoid or overidentify with-the physical discomfort during meditation practices might have reduced maladaptive pain cognitions, that is, pain catastrophizing, as well as maladaptive pain responses, that is, increased mindfulness nonreactivity.
Overall, the present study offers preliminary results on what works in MBCT for persistent pain and may have clinical relevance in terms of optimizing MBCT as a pain intervention by increasing focus on the identified mediators. However, some limitations should also be noted. First, we did not include an active control group, and it thus remains unresolved whether the mediators found in our study are MBCT-specific or general, nonspecific mediators in psychosocial interventions for pain. On a related note, we did not include documentation of treatment fidelity, for example, by video recordings, or of the minor adaptations made to the manual. Second, we were unable to meet the suggested requirement of temporal precedence in mediation. 11 As such, our results cannot establish causality between mediator and treatment outcome. However, experiments investigating the causal link between mindfulness and pain suggest that mindfulness mediation is associated with reduction of experimentally induced pain when compared with a sham mindfulness and a control condition. 47 Future studies should investigate the change mechanisms during the intervention, for example, by including session-by-session measures, thereby allowing for a more fine-grained temporal analysis. Third, we did not conduct an a priori mediation power analysis, and thus our study might be underpowered. We therefore recommend that the results are interpreted in terms of their effect sizes. Fourth, there was a relatively large, unbalanced dropout at T2. However, this issue was taken into account by (1) including the only statistically significant and robust outcome (ie, pain intensity), (2) testing whether pain intensity predicted dropout, which was not the case, and (3) conducting sensitivity analyses. Finally, all participants included in the study were women treated for primary breast cancer with pain issues, and although this increases the internal reliability of the study, it may limit the generalizability of our results to other pain populations. In order to identify the most efficacious pain interventions for different pain patient groups, future studies should investigate the efficacy of MBCT and explore possible mediators in other clinical pain samples.
CONCLUSIONS
Pain catastrophizing mediated the effect of MBCT on persistent pain in women treated for breast cancer, explaining 78% of the effect of MBCT on pain. The results also tentatively suggest that mindfulness nonreactivity may be a mediator to be targeted in MBCT, although this finding is less robust. The identification of mediators affecting pain outcomes is clinically important for refining treatments to more efficiently target relevant mediators. Further studies are needed to establish whether a causal relationship exists between the statistical mediators identified and to determine whether adapting MBCT to pain populations by increasing the focus on the identified mediators could optimize the effect.
